Purpose This retrospective study compares Kirschner wires versus 3.5-mm diameter AO cannulated screw internal fixation in treatment for the displaced lateral humeral condyle fractures. Methods The study included 62 patients (42 boys, 20 girls; mean age 6.93 years; age range two to 14 years) with displaced lateral humeral condyle fractures. 
Introduction
Lateral humeral condyle fracture, the second most common injury around the elbow, accounts for 10-20% of all fractures of the elbow in children with a high incidence between two and 14 years [1] [2] [3] [4] [5] . The fractures have a high risk for complications including nonunion, malunion, ulnar nerve paresis, hypertrophic scar, avascular necrosis of ossific nucleus and angular deformity [6] [7] [8] [9] . Various treatment methods are recommended according to the degree of displacement. It has been generally accepted that lateral humeral condyle fractures with displacement more than 2 mm should be treated by open reduction and internal fixation [10] [11] [12] [13] [14] [15] [16] [17] . Therefore, most of the researchers recommend open reduction and Kirschner wires (K-wires) fixation in the displaced lateral condyle fracture [10, 11, 16] . Although K-wire is the most common metallic implant, a plaster splint or cast is required for a period of immobilisation. Some authors suggest that screw fixation also promotes the union of fracture without significant complications [12] [13] [14] 17] . However, there have been no published reports comparing cannulated screws to K-wires in the displaced lateral condyle fractures.
Here, we retrospectively reviewed patients treated with different internal fixation of K-wires or 3.5-mm diameter AO cannulated screws to evaluate the clinical outcome for the displaced lateral humeral condyle fractures.
Materials and methods
A retrospective review of 62 patients with displaced lateral condyle fractures with varying degrees of displacement was performed from January 2000 to December 2008. Patients were treated by open reduction and K-wires or 3.5-mm AO cannulated screw fixation. The clinical records and radiographs of patients were retrospectively analysed. Fractures were classified according to the Milch system [18] . All patients underwent anteroposterior and lateral radiographs, and the displacement of the fracture fragment in radiographs was measured and recorded. The fracture gap was measured from lateral metaphyseal cortex of the distal humerus to the lateral cortex of the fracture fragment. The greatest displacement on any single radiograph was considered as the amount of displacement of the fracture (Fig. 1) . The demographic data and follow-up information are summarised in Table 1. Informed consent from all patients and patients' parents or guardians was obtained. A traditional lateral approach to the elbow was performed following general anaesthesia. Care was taken to limit damage to the soft tissue and periosteum. After open reduction of the fracture, K-wires or cannulated screws were used to stabilise the fracture. K-wires or screws were required to pass through the metaphyseal fragment. If there was not enough space in the metaphyseal fragment, K-wires or screws might pass through the ossific nucleus of the capitulum. All K-wires were placed percutaneously into the fractures.
After operation, an above-elbow plaster splint was used to support the fracture fixed with K-wires for five or six weeks. When the fracture united, the percutaneous K-wires were removed at an outpatient clinic without anaesthesia six or eight weeks after the operation. The fracture with screws was supported by an above-elbow brace for one or two weeks. After the brace was removed, the patient was required to do exercises of the elbow. When radiographs showed sufficient evidence of fracture union, screws were routinely removed at eight or 12 weeks in the operating room under general anaesthesia.
The mean follow-up period was 39.4 months (range 26-95 months). An independent observer reviewed all records of charts and radiographs in order to ensure the uniformity of analysis. The clinical information in the two groups was recorded including the patient's age at injury, the type of fixation, the period of K-wires or screw fixation, the functional result of the elbow and complications. In addition, radiographic information including the union of fractures, nonunion, malunion or lateral prominence was recorded for the radiographic evaluation. The clinical results were evaluated according to the criteria suggested by Hardacre et al. [19] .
Statistical analysis
Statistical analysis was performed using the Pearson chi-square test. With theoretical samples less than 5, the Fisher's exact test was used. P<0.05 was considered statistically significant.
Results
Of the 62 displaced fractures, 30 patients (average displacement 5.5 mm, range 2-10 mm) were treated by open reduction and K-wire fixation (Fig. 2) . These fractures were fixed with two K-wires (23 fractures, 76.7%) or three K-wires (seven fractures, 23.3%). K-wires passed through the metaphyseal fragment in 24 patients and the ossific nucleus of capitulum in six patients. Thirty-two patients (average displacement 6.0 mm, range 2-10 mm) were treated by open reduction and screw fixation (Fig. 3) . Twenty-seven (84.4%) fractures were stabilised with two screws, and five (15.6%) fractures with one screw. Screws passed through the metaphyseal fragment in 28 patients and the ossific nucleus of capitulum in four patients.
According to the criteria of Hardare et al., clinical outcomes in the group with K-wires were excellent in 22 Fig. 1 The gap of fracture was measured in the anteroposterior and lateral radiographs from lateral metaphyseal cortex of the distal humerus to the lateral cortex of the fracture fragment. The greatest displacement on any single radiograph was considered as the amount of displacement of the fracture patients, good in eight patients and none were poor. Clinical outcomes in the other group with screws were excellent in 21 patients, good in 11 patients and poor in none. No statistically significant difference was found in clinical results between K-wires and cannulated screw fixation (P > 0.05). No non-union, avascular necrosis of ossific nucleus or clinically significant epiphysial fusion occurred in the two groups.
Five patients (16.7%) presented skin infection around Kwires. The infections were treated with oral antibiotics and local wound care, and the period of plaster splinting was extended to nine or ten weeks to prevent loosening of the Kwires. Last follow-up radiographs showed all fractures successfully achieved union. In contrast, no infection occurred in the fracture fixed with screws. Seven K-wires in four fractures were found to be loose when they did not pass through the cortex of the opposite side. When the K-wires were removed at ten or 12 weeks, all fractures had achieved union without loss of reduction.
An obvious clinical and radiograph prominence over lateral humeral condyle occurred in 11 (36.7%) patients with K-wires and four (12.5%) patients with screws, but no patients required surgery. The difference in lateral prominence of the two groups was statistically significant (P<0.05).
Seven (23.3%) patients with K-wires had a significant difference in their carrying angles, with relative cubitus varus in six patients and valgus in one patient. And six (18.7%) patients with screws had a significant difference in their carrying angles, with relative cubitus varus in two patients and valgus in four patients. Among four patients with cubitus valgus, three were stabilised with screws through the ossific nucleus of capitellum. None required corrective osteotomy. Nine (30%) patients with K-wires and two (6.3%) patients with screws had a lack of 10°o f extension of the elbow compared with the other side. There was a statistically significant difference between the two groups in the lack of 10°of extension of the elbow (P< 0.05).
Discussion
There is a general agreement that the displaced lateral condyle fracture needs to be treated by open reduction and internal fixation. And internal fixation with K-wires or cannulated screws has been reported to stabilise the displaced fractures [10] [11] [12] [13] [14] . In our study, we included all displaced fractures (over 2 mm) treated by open reduction and smooth K-wires or cannulated screw fixation. According to the criteria of Hardare et al. [19] , there was no statistically significant difference in clinical outcome between the two groups. Radiographs showed that all fractures achieved union without avascular necrosis of the ossific nucleus. Although K-wire was the common metallic internal fixation, a plaster splint or cast was required for a long period. Foster et al. [20] reported that elbow immobilisation should last for six to eight weeks after open reduction and K-wire fixation. Launay et al. [21] reported that patients received a long-arm splint or cast for an average 6.5 weeks (range four to ten weeks). Ayubi et al. [22] reported that a long upper-arm plaster cast should continue until wound healing in the fracture with K-wire fixation. Subsequently, an upper-arm plaster cast for three to four weeks postoperatively should be applied. In our study, an above-elbow plaster splint was used to support fractures with K-wires for five or six weeks compared to fractures fixed with screws, followed by a brace for one to two weeks. The screws provided more continuous stabilisation for fracture than K-wires [12] . Patients could do exercises earlier and have better elbow function. There was a statistically significant difference between the two groups in the lack of 10°of extension of the elbow. The K-wires left protruding outside the skin may increase the possibility of skin infection and the loosening of K-wires [7, 14, 18] . Weiss et al. [23] reported that 3.8% of patients developed skin infection around K-wires and were treated with oral antibiotics. In our study, skin infection around the K-wires occurred in 16.7% of patients, while no patients developed skin infection over cannulated screws. This indicated that more infection in patients occurred with percutaneous K-wires than screws. Therefore, it is suggested that skin care should be done to prevent skin infection. Oral antibiotics and wound care should be given in treatment for infection. Although no infection occurred in the screws group, an additional operation was essential to remove screws with increased cost and length of stay.
Hardacre et al. [19] reported that K-wire fixation carried the risk of wire migration. In our group, seven K-wires in four fractures were found to be loose when K-wires did not pass through the cortex of the opposite side. We recommend that the double cortex fixation of smooth K-wires is necessary if the K-wire is used. In addition, more than two Kwires fixation may also promote the stabilisation of fracture and prevent migration of K-wires. However, Launay et al. [21] found that the use of three K-wires could result in more loss of motion and a higher incidence of lateral spur than two K-wires. In our study, there were 11 patients with lateral prominence occurring in six patients with two K-wires and in five patients with three K-wires. We suggest that screws or more than two K-wires can be used if the fracture is not stabilised sufficiently after two K-wires.
Lateral prominence was a common complication of the lateral condyle fractures. Thomas et al. [10] reported that 40% of patients with K-wires had an obvious prominence over lateral humeral condyle, and the excessive bone formation beneath the osteoperiosteal flap may lead to lateral prominence. In our group, lateral prominence occurred in 36.7% of patients with K-wires and 12.5% of patients with screws. The difference in lateral prominence of the two groups was statistically significant. We thought the relatively low stabilisation of fracture with K-wires may cause more bone callus and the screws may promote the stabilisation of the fracture and reduce the probability of lateral prominence. Alternatively, the lateral prominence may be due to the wide dissection of periosteum and the formation of bone callus. So the periosteum in the metaphyseal fragment should be protected and wide dissection avoided.
Among four patients with cubitus valgus, three were stabilised with screws through the ossific nucleus of the capitellum. Although no avascular necrosis of ossific nucleus occurred, the results of cubitus valgus indicated that screws through the ossific nucleus may have a negative effect on growth plate in the lateral humeral condyle. Saraf et al. [17] advised that it was not possible to use screw fixation in the majority of fractures due to the risks of damage to the physis. But we suggest that screws can be used if there is enough space in the metaphyseal fragment. If not, K-wire is still the first choice for the fracture.
Conclusion
This study has demonstrated several conclusions in treatment for lateral humeral condyle fractures with K-wires or screws. First, the displaced fractures (displacement over 2 mm) can be treated successfully by open reduction and K-wires or screw fixation with excellent results. K-wires or screws should be removed when there is evidence of fracture union in follow-up radiographs. Second, K-wires can pass through the ossific nucleus of capitulum without damaging it. The percutaneous K-wires have the advantage of easy removal at the price of increasing the possibility of skin infection and K-wire loosening. Last, although screws may have a negative effect on ossific nucleus of capitellum, and a second operation is needed for screw removal, they could reduce the possibility of lateral prominence and promote the union of fracture by continuously stabilising the displacement of fracture.
